Characterization of superparamagnetic iron oxide nanoparticle-induced apoptosis in PC12 cells and mouse hippocampus and striatum.
Superparamagnetic iron oxide nanoparticles (SPIONs) have been widely used as theranostic drug-carrier and MRI contrast agent. Their potential effects are still in blank while SPIONs are used for brain. The present study aims to investigate SPIONs' neurotoxicity in vitro and in vivo using stereotaxic technique. By co-incubating SPIONs with dopaminergic neuronal PC12 cells, we found that SPIONs had a dose-dependent cytotoxic in PC12 cells at 60-200 ug/mL but not at 10-50 ug/mL, it reduced cell viability, decreased the capacity of PC12 cells to extend neurites in response to nerve growth factor (NGF), induced a reduction of the tyrosine hydroxylase protein, while increasing PC12 cell apoptosis. Accordingly, the no-observed-adverse-effect level (NOAEL) of current SPIONs was 50 ug/mL in vitro, which would be useful for human health risk assessment. While directly injecting the SPIONs into the dorsal striatum or hippocampus, 7 and 14 days after surgery, nanoparticles decreased the TH+ fiber density in both the dorsal striatum and the hippocampus. A behavioral evaluation demonstrated that SPIONs attenuated the animals' motor coordination and spatial memory, as evaluated by the rotarod test and the Morris water maze. We further examined mitogen-activated protein kinase (MAPK) activation and found that c-Jun N-terminal kinase (JNK) was activated after SPIONs treatment. It suggests that the SPIONs-induced neurotoxicity might be mediated through the JNK signaling pathway. SPIONs could possibly induce neurotoxic effects on the dorsal striatum and hippocampus.